This study aimed to evaluate the capability of gadoxetic acid-enhanced MR (GAeMR) to detect presence of capsule appearance in hepatocellular carcinoma (HCC), and to correlate it with dynamic computed tomography (CT) and pathological features.
Introduction
Hepatocellular carcinoma (HCC) is the most common primary liver cancer, and to date the third most common cause of cancer deaths worldwide. [1, 2] Typical HCC reveal rapid enhancement in the arterial phase (AP) and portal phase (PP) or delayed phase (DP) washout in contrast-enhanced computed tomography (CT) and magnetic resonance (MR) imaging. [3] The presence of a capsule appearance is considered as favorable prognostic factor of HCC. [4, 5] Capsule appearance is a peripheral rim of smooth hyperenhancement surrounding background nodules in the PP and DP in contrast-enhanced CT and MR, and has been regarded as histological fibrous capsule (FC) or pseudocapsule. [5, 6] Presence and recognition of a capsule appearance is crucial for noninvasive diagnosis of HCC, and Liver Imaging Reporting and Data System (LI-RADS) included capsule appearance as a major imaging feature. [7, 8] Gadoxetic acid disodium, with properties of extracellular and hepatocyte-specific contrast agent, enables dynamic and hepatobiliary phase (HBP) imaging. [1, 9, 10] Washout or capsule appearance on PP and DP on extracellular contrast agent (ECCA)-enhanced CT or MR images are different from those on gadoxetic acid-enhanced MR (GAeMR) images. [9, 10] There are limited studies evaluating capsule appearance of HCC on GAeMR. [8, [11] [12] [13] The purpose of this study was to evaluate the capability of GAeMR imaging to detect presence of the capsule appearance in HCC including HBP, and to correlate it with dynamic CT and pathological findings.
Materials and methods

Patient se2lection
The institutional review board approved this retrospective study and the requirement for informed consent was waived. Patients that underwent preoperative GAeMR and dynamic CT January 2013-December 2015 were included for analysis. Patients that had undergone preoperative transarterial chemoembolization, hepatic arterial infusion chemotherapy, and systemic chemotherapy were excluded. We included the largest HCC per patient to avoid cluster effect in statistical analysis. Sixty-three patients were pathologically confirmed HCCs after surgical resection (wedge resection: 18, segmentectomy: 15, sectionectomy: 14, hemihepatectomy: 13, extended hemihepatectomy: 1, total hepatectomy: 2).
There were 54 men (mean age, 55.3, 55.3 ± 9.5; age range, 36-78) and 9 women (mean age, 59.2, 59.2 ± 9.0; age range, 44-72).
Underlying causes of cirrhosis (as determined from available pathological/laboratory data and hepatology clinical notes) included viral hepatitis B (n = 52), viral hepatitis C (n = 3), alcohol abuse (n = 4), and others (n = 5).
Image acquisition
CT was conducted by using one of the following CT scanners: Sensation 16 (Siemens Healthcare, Forchheim, Germany) (n = 10), SOMATOM Definition Flash (Siemens Healthcare) (n = 22), Brillance 16 (Philips Healthcare, Cleveland, OH) (n = 11), or Brillance 64 (Philips Healthcare) (n = 20).
Precontrast CT scans were obtained before contrast media injection. A total of 120 to 150 mL (2 mL/kg) of a nonionic contrast material (iohexol [Bonorex 350, Central Medical Service, Seoul, South Korea] and iopamidol [Iopamiro 300, Bracco, Milan, Italy]) was injected into an antecubital vein through an 18-gauge plastic intravenous catheter. Hepatic AP were obtained with a scan delay of 18 seconds after the Hounsfield Unit (HU) of the abdominal aorta reached 100 HU with a power injector at a rate of 3 mL/s. PP and DP images were obtained at 75 to 85 and 180 to 190 seconds after contrast injection. CT scans were obtained at a tube currenttime product of 150 to 200 mAs and a peak voltage of 120 kVp. Whole-liver scanning was completed in 4 to 8 seconds while patients held their breath. Images were reconstructed with a 5-mm slice thickness. The time interval between the examination of CT and examination of MRI was less than 1 month except three patients (median 12 days).
All MRI studies were conducted with a 1.5-T system (Signa HDxt; GE Healthcare, Milwaukee, WI) with phased array coils. All MR images were acquired in the axial plane. MR protocol consisted of a dual-echo T1-weighted gradient-echo sequence (in-phase and opposed-phase), a respiratory-triggered fast spin T2-weighted sequence, and a contrast-enhanced dynamic sequence using a T1-weighted 3D gradient-echo sequence with fat-suppression. Parameters for all sequences are presented in Table 1 . For contrast-enhanced dynamic and HBP MR images, Gd-EOB-DTPA was administered at 0.025 mmol per kilogram of body weight at 1 mL per second, followed by a 20-mL saline flush. Imaging of the AP was performed 8 seconds after contrast agent arrival at the left ventricle of the heart by the use of an automated triggering technique (SmartPrep, GE Healthcare). After administering contrast, AP (25-30 seconds), PP (60 seconds), TP (3 minutes), and additional HBP (after 20 minutes) images were obtained.
Image analysis
Preoperative CT and GAeMR images were retrospectively analyzed on a picture archiving and communication system (Infinitt PACS, version 3.0; Infinitt Healthcare, Seoul, Korea).
Two board-certified abdominal radiologists qualitatively evaluated CT and MR images. And finally, discrepancies between the 2 readers were resolved by discussion to reach consensus. Readers were aware that patients had undergone liver surgery and that pathologic reports confirmed HCC, but they were blinded to all other clinical, laboratory, and pathologic details.
Each reader evaluated presence or absence of capsule appearance on CT and GAeMR. Capsule appearance was defined according to the LI-RADS lexicon, and applies to observations that have a peripheral rim of smooth hyperenhancement that is thicker or more conspicuous than rims surrounding background nodules in the PP and DP. And we used same way in TP on GAeMR. Presence or absence of capsule appearances on CT and GAeMR images were analyzed in the PP and DP/TP. Hypointense rims on T1-and T2 weighted images were considered as capsule on precontrast (Pre). Smooth hypointense rims surrounding background nodules in HBP were considered as capsule appearance on HBP in GAeMR. [6, 13] Peripheral AP enhancement and temporal reduction in enhancement of the periphery of the lesion relative to the liver was regarded as peripheral washout appearance, which favors other malignancies such as cholangiocarcinoma. [13, 14] Irregular circumferential enhancement around HCC in AP or PP was regarded as transient peritumoral enhancement or corona enhancement. [15] Peripheral washout, peritumor enhancement, and corona enhancement shows irregular and nonsmooth appearance, but capsule appearance is smooth.
Histopathologic examination
An expert pathologist that has specialized in liver pathology examined all the cases. For gross and histological examinations, clinical and imaging data were freely accessible in electronic 
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Medicine medical records and through a picture archiving and communication system. However, the diagnosis of each lesion was solely based on histological features. Pathologists classified gross subtype as one of the following: vaguely nodular type; nodular expanding, with the gross appearance of a clear round nodule; nodular with perinodular growth, with gross appearance similar to the nodular expanding type and exhibited varying degrees of extranodular growth; multinodular confluent, which had the appearance of a nodule comprised of a cluster of small and confluent nodules; or infiltrative. [16] Histopathologic features of tumors, degree of tumor differentiation (Edmondson-Steiner grade), degree of liver fibrosis, and presence of microvascular invasion were recorded. FC formation was recorded as present or absent, and if present, was divided into partial (<90% of the tumor circumference) or complete (≥90%). Pseudocapsule at imaging was defined as HCC that revealed capsule appearance on dynamic images despite being negative for histologic FC (false-positive FC cases)
Statistical analysis
Significant differences were defined as those with P < .05. All statistical analyses were conducted using MedCalc Statistical Software version 17.5.5 (MedCalc Software bvba, Ostend, Belgium; http://www.medcalc.org; 2017).
Histologic FC was compared with histopathologic features of tumors, degree of tumor differentiation, degree of background liver fibrosis, gross morphologic type, and presence of microvascular invasion using x 2 test. Interobserver agreement was assessed with kappa statistics, and consensus opinions were reached by conference. Interobserver agreement of categorical data was evaluated using Cohen's kappa statistic. The k values were interpreted as poor for k less than 0.20; fair, k of 0.21 to 0.40; moderate, k of 0.41 to 0.60; good, k of 0.61 to 0.80; and very good, k of 0.81 to 1.00.
Histologic FCs were compared and correlated with CT and GAeMR. And sensitivity, specificity, and accuracy were calculated. The diagnostic performance of CT and GAeMR and each phase for diagnosis of histologic FC was evaluated by calculating the area under the receiver operating characteristic curve (Az) and compared in terms of Az values.
Results
The median diameter of the tumor was 2.70 cm (mean diameter = 3.57, standard deviation 2.98 cm, range 1.0-18 cm). The capsule was histologically evident in 46 of 63 nodules (73.0%), complete in 8 (12.7%), and incomplete in 38 (60.3%) (Fig. 1) . Four cases (6.3%) were pseudocapsule ( Fig. 2) with false-positive FC on CT and GAeMR images.
The characteristics of 63 patients with HCCs are summarized in Tables 2 and 3 . Histological FC was not correlated to size of the HCC (P = .64) (Tables 3 and 4) , stage of fibrosis (P = .70), and etiologic factors of hepatitis or cirrhosis (P = .63). To the contrary, a relationship was found between the degree of tumor differentiation (P = .04) and microvessel invasion (P < .05). FC was more frequent in Grade I or II differentiation and in absence of microvessel invasion. Gross type of HCC reveals statistical significance (P < .001) and FC was more common in expanding nodular type or nodules with perinodular extension type.
Interobserver agreement for presence or absence of capsule appearance on GAeMR was good in Pre (k = 0.684), moderate in PP (k = 0.434), poor in TP (k = 0.187), and fair in HBP (k = 0.395). Interobserver agreement for capsule appearance on CT was moderate in PP (k = 0.476) and DP (k = 0.485) ( Table 5) .
Correlation between histologic FC and presence of capsule appearance on each phases of CT and GAeMR are summarized in Tables 6 and 7 . Comparison between the stage of fibrosis in background liver with capsule appearance on GAeMR is summarized in Table 8 . There was statistical significance between the degree of fibrosis in the background liver and detection of capsule appearance on HBP (P = .032) ( Table 8) .
Diagnostic performance, including mean Az values, sensitivities, specificities, and accuracy for presence of histologic FC on CT and GAeMR images are summarized in Table 9 . DP on CT images showed a higher Az value than PP on CT images with statistical significance (P < .001). PP on MR images revealed higher Az value than PP on CT images. Overall MR imaging revealed a slightly lower Az value than those of CT imaging and differences were not statistically significant (P = .74). Sensitivity and accuracy for the diagnosis of FC in DP was higher than PP on CT.
Discussion
FC formation was frequently (46 of 63 nodules, 73.0%) seen in the HCCs in our study. Encapsulated HCCs are considered to have a favorable prognosis because they tend to have a lower incidence of direct liver invasion, fewer tumor microsatellites, and less vascular invasion than nonencapsulated HCCs. [4, 17] However, with improvements in CT and in MR imaging technology for detection of hepatic nodule and widespread use of cross-sectional imaging, imaging plays a critical role in diagnosis of HCC, and diagnosis of HCC can be achieved by noninvasive imaging with typical imaging features. [3] Capsule appearance on imaging is highly specific for diagnosis of HCC, [18, 19] and it is one of the critical imaging criteria in LI-RADS and the Organ Procurement and Transplantation Network for the noninvasive diagnosis of HCC. [7, 8] Pathogenesis of FC formation could be attributed either to a passive thickening of liver stroma under expansion pressure of the tumor or to a defense mechanism deployed by surrounding parenchyma to restrain the tumor nodule that causes a mechanical insult to adjoining tissues. [20] Based on our results, presence of histologic FC reveals the relationship between the lower Edmondson-Steiner grade, absence of microvessel invasion, and gross type of HCC with expanding nodular type or nodular with perinodular extension type. In our study, the degree of liver fibrosis in the background liver does not correlate with HCC with histologic FC (P = .70). There was statistical significance between the degree of fibrosis in the background liver and detection of capsule appearance on HBP (P = .032). So, the detection of capsule appearance on HBP was difficult in severe degree of fibrosis in the background liver. But, Ishigami et al [5] described the degree of fibrosis in the background liver was more severe in HCCs with histologic FC than in those with a pseudocapsule. Although the mechanism for formation of FC is unclear, there was a report that activated stellate cells played an important role in the development of liver fibrosis. [21] The degree of liver parenchymal enhancement was correlated with liver function in GAeMR, and Child-Pugh classifications also showed a significant correlation with the liver enhancement on HBP images. [22] Recognition of the capsule appearance on HBP might be affected by background liver enhancement in GAeMR. But, in our study, all patients were surgically confirmed, Kim et 
www.md-journal.com and 96.8%(61/63) patients were Child-Pugh class A and only 2 cases were Child-Pugh class B, and so, all of the HBP images showed acceptable hepatic parenchymal enhancement. Capsule appearance on imaging does not always represent a true tumor capsule and may instead represent a pseudocapsule. [13] Capsule appearance in HCC, either histologic FC or pseudocapsule, reveals on imaging in 43% to 64% of cases. [5, 8, 18] Ishigami et al [5] reported that approximately 14% of HCCs (15 of 106) revealed pseudocapsule, an enhancing rim in the DP of dynamic MR despite being negative for histologic FC. In our study, 4 cases (6.3%) were considered as pseudocapsule with false-positive FC on CT and GAeMR images. The difference between 2 studies originated from the difference in pharmacokinetics of GAeMR and ECCA-enhanced MR and selection bias. At histopathologic examination, a pseudocapsule possibly reflected prominent sinusoids and/or peritumoral fibrosis. [5] When peritumoral fibrosis and prominent sinusoids coexisted, peritumoral fibrosis was typically observed at the inner layer.
[5] Thickness of the pseudocapsule was not significantly different from combined thickness of histologic FC and prominent sinusoids. [5] Despite the different histologic appearances, histoloigic FC and pseudocapsule are similar on imaging and have high positive predictive value for HCC in at-risk patients. [12] In ECCA-enhanced MRI, fibrotic tissue typically reveals progressive enhancement, due to accumulation of gadolinium in the extracellular interstitial spaces. [6] However, in GAeMR, fibrosis is hypointense on HBP due to lack of hepatocytes in fibrotic tissue and to faster clearance of this contrast agent from extracellular space. [8] Capsule appearance may be more difficult to appreciate on TP or HBP due to enhancement of the background liver parenchyma. [12, 15] Therefore, capsule appearance is likely more reliably visualized with ECCA than (2018) 97:25 www.md-journal.com hepatobiliary agents. [12, 15] In our study, GAeMR in PP yielded better capsule appearance than GAeMR in TP and HBP. And CT in DP yielded significantly better capsule appearance than CT in PP. But, overall GAeMR yielded comparable capsule appearance to CT. Kim et al [23] reported similar result to our study, and that ECCA-enhanced MRI yielded significantly better capsule appearance in HCC than CT and GAeMR in PP and DP/TP, but there was no significant difference between CT and GAeMR.
But, Dioguardi Burgio et al [8] reported that capsule appearance was detected in GAeMR in PP (24%), TP (15%), and HBP (17%). The much lower prevalence of capsule appearance was the selection bias by HCC with typical imaging features in cirrhosis. [8] There is significant discordance between CT and MR for assignment of major LI-RADS features, and the capsule appearance was observed more frequently at ECCA-enhanced MRI than CT. [7, 24] However, Joo et al [25] reported that the capsule appearance was less frequently observed on GAeMR than on CT (PP and DP), but Hope et al [26] reported that the capsule appearance were less frequently observed on CT (PP only) than GAeMR. Discrepancy in the capsule appearance observed between CT and GAeMR is likely underestimating the value of DP on CT. [11, 25, 26] Diagnostic performance and sensitivity for diagnosis of FC in DP on CT was highest compared to PP on CT and other phases on GAeMR. So, DP images should be obtained on CT for liver mass evaluation. But, overall MR imaging revealed comparable diagnostic performance for histologic FC detection with CT.
Davenport et al [27] reported that interobserver reliability for individual imaging features is variable, with high agreement in AP hyperenhancement at gadobenate dimeglumine-enhanced MR, but poor agreement on washout or capsule appearance. But most of the interobserver reliability study for HCC reveals moderate to substantial agreement for capsule appearance on CT and MR. [7, 24, 25, 28] Chernyak et al [11] reported that the interobserver agreement between CT and GAeMR was fair to moderate for capsule appearance. And, however, the interobserver agreement between the readers was almost perfect for capsule on CT, but moderate on GAeMR. [11] In our study, interobserver agreement for the capsule appearance was moderate on CT in PP and DP. And that was moderate in PP on GAeMR, but poor in TP and fair in HBP. Because of background parenchymal enhancement may obscure capsule appearance during the TP or HBP and variable Table 2 Characteristics of 63 patients with HCCs.
Characteristics Datum
Age ( Data are k statistics. Data in parentheses are 95% confidence intervals. CT = computed tomography, DP = delayed phase, HBP = hepatobiliary phase, MR = magnetic resonance, PP = portal phase, Pre = precontrast, TP = transitional phase.
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degree of parenchymal enhancement in HBP by liver function can lead to greater interobserver variability. [1, 12, 15] Additionally, reader perception of capsule appearance was affected by washout appearance, like the Mach band effect. [29] Imaging features of washout on GAeMR can be exaggerated by delayed parenchymal enhancement from hepatocellular uptake of gadoxetic acid, which is called "pseudo washout" effect. [10] Smooth hypointense rim surrounding nodules in HBP images were considered as capsule appearance in our study. Hypointense capsule appearance on the HBP in the 2014 version of LI-RADS (defined as a "hypointense rim on the HBP") is considered a new ancillary feature favoring malignancy. [8, 28] In the 2017 version of LI-RADS, nonenhancing capsule, defined as a capsule appearance that is not depicted as an enhancing rim, is considered an ancillary feature that favors HCC. [14] Hypointense rim on the HBP can be considered as FC, corresponding to capsule appearance on PP and DP with ECCA. [8, 28] An et al [13] proposed using smooth hypointense rim in HBP in addition to conventional PVP capsule appearance in GAeMR. But in our study, sensitivity for histologic FC on GAeMR in HBP was low and interobserver agreement was fair. So considering hypointense rim on the HBP as FC on pathology should be refrained.
Our study had several limitations. First, due to the retrospective design of this study, patient selection bias may have been present. We included only surgically confirmed HCC cases to Table 8 Comparison between the stages of fibrosis in the background liver in HCCs with capsule appearance on GAeMR.
MR (PP)
MR ( CT = computed tomography, DP = delayed phase, PP = portal phase.
Table 7
Comparison between the pathological capsule and GAeMR findings. GAeMR = gadoxetic acid-enhanced MR, HBP = hepatobiliary Phase, MR = magnetic resonance, PP = portal phase, Pre = precontrast, TP = transitional phase. CT = computed tomography, DP = delayed phase, GAeMR = gadoxetic acid-enhanced MR, HBP = hepatobiliary phase, MR = magnetic resonance, PP = portal phase, Pre = precontrast, TP = transitional phase. compare CT and GAeMR imaging with histological characteristics. Therefore, our study did not include small HCCs that were diagnosed based on typical dynamic patterns, and patients that did not have surgical indications such as HCCs in advanced cirrhosis with decreased liver function. Secondly, our study was conducted in an institution and was limited by relatively small sample size. There may have been a potential bias among readers when reviewing CT and MR images, surgeons and pathologist in clinical practice. Thirdly, pathologic analysis was based on pathology reports without reexamination of pathologic slides. So, radiologic-pathologic correlation could not be assessed for all cases.
Conclusions
In conclusion, the capsule appearance was most frequently observed in the DP on CT with highest diagnostic performance, and so DP images should be obtained on CT study for liver mass categorization. GAeMR yielded comparable capsule appearance on CT with moderate interobserver agreement. Considering hypointense rim on the HBP as FC on pathology should be refrained, and so further study is warranted to correlate HBP hypointense rim with pathologic findings.
